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Remote sensing of cmitled radiance from the 1 anilissongsce in the thermal infrared region (8 to 13 ym) is useful for
geologic studics including lithology and soil and nnncst mapping. Since 1982, new air borne, ficld portable and
spaccborne instruments have been demonstating the a: vantages of moltispectial measurements in 1bis region for
geologic applications. The Advanced Spaceborne Then: | Emission and Refiection Radiometer (A STER), presently
being builtin Japan, is the newest of the spacebhamanin.pectralinstruments, ASTER, which has fourteen channels in

the visible out through the thermal infraed v il

bothwn aboard NASA'S | 0OS AMI1 platforim in 1998, Other

multispectral instroments, including PRTSMIRSULD T aad Sacagawea are projected to be boiltand flown after ASTER,
The advent of these sensors is expected (e resultie & de 1arndformore high spatial-1 esolution multispectral thermal

infrared data.
INTRODUCTION

The feasibitity of using multispectral themual indiancd
rmole sensing for geologic applicationshas bee o ¢ -
nized by a number of vsers, but advanceinernihos b wen
limited by lack of sensors, ‘The usc of the visible andinen
infrarcd (VNI R) and shortwave in frared (SWHU ¢t 11
data made a ttemendous leap forward with the advend ol ihe
Landsat satellite sensors (MSS, TM)., We anticip 1 a
similar phenomenon when orbital multispect il i al
in frarcd data becomes generally available voith the L, I
of the Advanced Spaccborne Therm al Fauission and
Reflection Radiometer (ASTER) in 1998, “1 he ASTIR
instrument will be the first spacchor ne multispe ot ol
thermal in frared instrament with spatial and specbalicsn
Iution adequate for geologic applications. From thoui
dataonccan derive both dl]l-face. temperature andsuli. ¢
spectral emissivity. The primary application o { the Cons
sivily is for surface lithologic mapping. The tenip e
datacanbe used bothfor studics of thermalinet b ofsn
face materials, and for studies of thermal processesieist. |
to volcanism and hydrology.

THEORETICALBACKGROUIN I)

A 1 terrestrial temperatures, the thermal infrared speco al
radiance emitted by the surface is @ a maximum:nounl 10
to 11 pum, dropping off sharply to the shor ter and 1o g
wavelenglhs, The best atmospheric window Jics betyv e n
about 8 and 13 pum with another window betw con 3andh
1. Interpretation of data fromthe 310 S jon rego s
complicated by overlap with reflected sokin 1 i
which, although dropping rapidly in intensity withiuw:

sing wavelength, makesalarge contribution (luring the
day. '} hus, the 8 to 13 pun region 1S the best thermal
infiared spectral 1egion to use and has reeeived most atien-
tionto dale. ‘This is also aspectral region containing
diapnostic spectral inforunation for many minerals, includ-
ing the silicates whichmiakeupthe great majority of con-
tinental surface 1ocks,

Specteat featuees of minerals in the thermal infrared region
arc the result of vibrational molecular motions, The loca-
tion, stiength and form of these features vary  systemati-
cally with composition and crystal structure, The most
intense band in the spectra of all silicates (the reststrahlen
effec occurs between 8 and 1?2 pun. Typically, this spee-
tal feature shifts to shor ter wavelengths as the bond
strength within the latii ce increases (1 unt, 1980; 1.yon,
1065) The carbonales, solfates, phosphates, and hydrox-
ides accotherilpor tantmineral groups that have spectral
featnes in the thenmalinfrared (unt and Salisbury, 1974,
1975,1')') 6).

Therange op minesals found in soils is usually quilt imi-
ted. par ticularly with older, more developed soils, in
whichiron oxides, quattz and clays almost always domi-
nate, except in anid climates where carbonates may be
imporant.‘Therchtive amounts of these minerals should
vary systematically, depending on climate and the compo-
sition of the patent rock.  Using remote sensing, these
minerals can all be detected and identified, based on their
specttalproper lies Tron oxides produce absorption fea-
tures in the VNIR, clays and carbonates in the SWIR,
while quactz has chin acteristic features only in (he thermal
infrared (1 11<). 'Thus,1iemote soil mapping, like geologic
mapping, wWill beenhanced by combining VNIR, SWIR
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production ot digital clevation modcls, (?) @ six chonwl
shortwave in frared radior neter (SWIR), and (3ra 10 -
channelthermalinfrared radiometer (C1'12{). All theeial

omelers can be operated independently and a1 | 11111, ive
individually pointable.  Theinstrumentfestores i}’ 11
spatial and radiometi ic resolution.  The naciin-vicving
swath width is 60 km. With its pointing capstility,

Table

Spectral range 1 data 1 ate

VNIR Nadir bands 62 Mbyn
().52-0.6() p
0.63-0.69 p
0.70-().86 1t
Stereoscopic band
0.-/(1-0.86

Radiometer

SWIR 6 bands
16-1.7pn
2.145-2.185
2.185-2.22.5
2.2735-2.285
2.295-2.365 |
2.3(02.430 p

23 Mbpw

TIR 5 bands 4.1 Mbypis

8.175-8.475
8.475-8.825
8.925-9.275
10.25-10.95 p
_10.95-11.65p__

Instrument and spacectaft resources arc allocated 1o suppon
an 8% average duty cycle. ASTER data will b i il
and processed accor ding 10 specific user 1 cyguie e ents
identifying acquisition time, gain, wavelength 1ea01 ¢ il
data product. For daytime observations, the vser noy
requestthatany orr:111 of the three subsystens b ope atd
For nighttime observations, typically only the 1 1 Rsub
system will bc employed, butit is possible to1e juesl
both TIR and SWIR at night for hot volcanic ty pcls
Current plans are that all EOS investigatons, ani othet
scientists approved by NASA Or MITTwin beatiowcdio
submit requests for data acquisition over their G vels
Additionally, the ASTER Scicnee Team, working w 1111
the IDS Teams, will define targets suchasacnvoys -
canocs, which should be monitored routinely, andas on
time global land surface map will be created overnthsa-
year life of the mission. Data, once acyuired, w il be
available to al investigators.

SUMMARY

The next decade should prove (o be anexciting orfot
geologists using thermal infrarcd remote scnsing 11 slas
1.andsatdevelopedalarge user communily inthe |1 7

ASTER is capable of viewing any pointon Earth every
16 days. Becausce ofits polar orbit, it can view any point
abov(45° every 7- I daysang any point above 69° every 3-
4 duys. IUtakes 48 days to provide full surface coverage.

The ASTER characteristics are givenin *1'able 1.

1\ S’J‘I ‘l\:

Radiometric resolution Spatial resolution

<0.5%0 151n
<0. 5%0-13% 30m
<3K 90 m

when multispectial VNIR data became available over
user s’ arcas of interest, we anticipate that the advent of the
sensors discussed hiere will develop a demand for high-
spatial-resolution multispectral, thermal infrared data, It
i s imporiant that the technology be developed to allow
continued improvementin these types of instraments.
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